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ABSTRACT

Background: Lassa fever (LF) is a viral hemorrhagic illness endemic in Nigeria and other West African countries. In
recent years, the number of reported cases of LF in Nigeria has increased. In this study, we discussed the epidemiology of LF,
the phylogenomics of the LF virus, issues associated with the increased cases of LF, and recommendations for tackling the
future occurrence of LF in Nigeria.

Methods: Epidemiology data on LF were obtained from the Nigeria Centre for Disease Control database and analyzed using
Microsoft Excel software. About 59 partial and complete sequences consisting of both small and large segments of the LF virus
were retrieved from the National Center for Biotechnology Information from 1969 to 2013 to study the evolutionary relationship
of the LF virus in Nigeria.

Results: Nigeria has been shown to have the highest prevalence of Lassa fever among African countries, with seasonal
occurrence in both wet and dry seasons. Furthermore, the phylogenetic analysis of the LF virus showed a great relationship
with several outbreaks of LF in Nigeria and other African countries.

Conclusion: To combat the increasing cases of LF in Nigeria, there is a need to increase the molecular diagnosis capacity in
Nigeria, improve public health awareness about the disease in rural and urban settlements, integrate a surveillance system
through the One Health lens, and support LF vaccine research in Africa.

1 | Introduction discovered in Lassa town, Borno state, Nigeria, in 1969 [2].
Since then, Nigeria has been battling with different outbreaks.
Lassa fever (LF) is a zoonotic acute viral hemorrhagic disease. Nigeria experienced its highest annual incidences of LF

The World Health Organization and the Centers for Disease between 2018 and 2023 (633 confirmed cases in 2018, 833 in
Control and Prevention estimate that there are 5000 fatal cases 2019, 1189 in 2020, 510 in 2021, 1067 in 2022, 1270 in 2023,
of LF per year in West Africa, with an annual case report across 29 states, and 125 Local Government Areas) [3]. This has
between 100,000 and 300,000 [1]. LF virus was initially led to the mobilization of national and international healthcare
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resources and raised concerns about the ongoing, systematic
emergence of LF in Nigeria.

LF is caused by Lassa fever virus (LFV), a single-stranded RNA
virus belonging to the Arenaviridae family [4]. The LFV'
genome comprises two segments, the L (7.3kb) and S (3.4 kb),
each of which codes for two proteins. The small (S) segment
encodes the precursors of nucleoproteins and glycoproteins,
whereas the large (L) segment encodes zinc-binding proteins
and viral RNA polymerase [3]. LFV is categorized into four
lineages: I, II, III, and IV [5]. Lineages I, II, and III are endemic
to Nigeria. Meanwhile, lineage IV is endemic to Guinea, Sierra
Leone, Cote d'Ivoire, Mali, and Liberia [5]. Recently, a study has
found the occurrence of new lineages, V and VI, in Cote
d'Ivoire, Mali, and Nigeria [6]. Nonetheless, reports of different
LFV lineages have been found throughout West Africa.

Multimammate rats (Mastomys natalensis) are the LFV's natu-
ral host and primary disease vectors. They are presumably the
most prevalent rodent in tropical Africa, primarily found in
rural regions and more frequently within homes than outdoors
[7]. Members of the genus are carriers of the virus. Humans are
infected with LF through physical contact or ingestion of
multimammate rats. In some regions, up to 90% of people eat
rodents, considered a delicacy [8]. Person-to-person transmis-
sion can also occur, especially among laboratory and hospital
workers [9]. Serological studies show that the virus commonly
spreads in hospital and community settings [10]. In endemic
nations, nosocomial transmission is facilitated by inadequate
prevention and control measures in healthcare facilities [11].
LFV can further be transmitted via sexual intercourse due to the
ability of the virus to infect sperm cells [12].

The symptoms of LF emerge 2-21 days after infection [13];
symptoms include diarrhea, hemorrhage, confusion, respiratory
distress, stomach discomfort, facial edema, hearing loss, en-
cephalitis, and tremor [13, 14]. Clinical laboratory findings of
LF are thrombocytopenia, leucopenia, increased blood, pro-
teinuria, and increased liver enzyme concentration [15, 16].
Due to the lack of specificity in the clinical signs and symptoms
of LF, which can lead to a wide range of differential diagnoses,
especially in the early phase of the disease, laboratory diagnosis
is crucial for timely and effective treatment [17]. Accurate
laboratory diagnosis is essential for triage, the deployment of
barrier nursing, contact tracing, and the beginning of ribavirin
treatment, especially in acute cases. For case confirmation,
reverse transcription-polymerase chain reaction is frequently
utilized [18]. The gold standard for diagnosing the LFV is virus
isolation; however, because BSL-4 biocontainment is necessary,
it is not feasible in locations where the virus is endemic [17].
Effective diagnosis of LF can only be achieved following labo-
ratory confirmation, a significant challenge in developing
countries like Nigeria. Other diagnostic methods apart from
virus isolation are serology and molecular techniques. Patients
with LF have been successfully treated with the antiviral
medication ribavirin. It has been demonstrated that early in the
course of the sickness is when it is most effective. Supportive
care for patients should also include the management of any
other aggravating infections, as well as the preservation of
optimal fluid and electrolyte balance, oxygenation, and blood
pressure [19].

Few studies have worked on the molecular epidemiology of
LFV to study the intrinsic challenges associated with the re-
emergence of LF in Nigeria through genetic diversity [5, 20].
Through a molecular epidemiological approach, the evolution
and spread of the LF virus can be tracked in real-time and help
with routine LF diagnosis. This paper aims to discuss the epi-
demiology of LF, the phylogenomics of the LF virus, problems
associated with the increased cases of LF, and recommenda-
tions for tackling the future occurrence of LF in Nigeria.

2 | Materials and Methods

2.1 | LF in Nigeria

Epidemiological data about the LF outbreaks in Nigeria were
retrieved from Nigeria Centre for Disease Control (NCDC) da-
tabase (https://ncdc.gov.ng/diseases/sitreps/?cat=5&name=An
%20update%200f%20Lassa%20fever%20outbreak%20in%
20Nigeria) [3]. Microsoft Excel version 365 was used to sort and
analyze data.

2.2 | Phylogenetic Analysis

We retrieved 59 partial and complete coding sequences con-
sisting of both S and L segments of the LFV from the National
Center for Biotechnology Information (NCBI) website (https://
www.ncbi.nlm.nih.gov/nuccore) from 1969 to 2013 (Table 1).
Twenty (L) and twenty-five (S) sequences were downloaded
from Nigeria, while eight (L) and six (6) were from other
African countries. All the retrieved sequences were aligned
using Bioedit software version 7.2. The evolutionary relatedness
of the virus was conducted in MEGA 11 [21]. The phylogenetic
tree was constructed using the Maximum Likelihood method
based on the Tamura 3-parameter model and selecting the
topology with a superior log likelihood value [22]. The tree
length in which the associated taxa clustered is shown next to
the branches. The tree was drawn to a scale of 0.50.

3 | Results and Discussions

3.1 | Existence of LF in Nigeria

Nigeria has been shown to have the highest prevalence of LF
among African countries (Figure 1) [23], with seasonal occur-
rence from November to April during the dry season and May
to November during the wet season [24]. During this period, the
farmers in the rural regions harvested their farm crops for
storage, contributing to Nigeria's increasing rat population.
Hence the foodstuffs in storage facilities such as silos and mud
buildings are easily accessible to rodents. In addition, hunters
are exposed to LF due to the encroachment of wild animals that
are reservoirs of LFV during this period. Therefore, this may be
the reason for the increase in LF during the dry season in
Nigeria. Furthermore, during the dry season, there is an
increase in migration, where individuals from the northern part
of the country move to the southern region for business and
other jobs. This may also increase the risk of transmission or
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TABLE 1 | Metadata of Lassa fever virus sequences isolated in Nigeria from 1969 to 2013.

Segments Year of isolation Accession number Hosts Isolation source Location

Large 1969 KM822127 Not provided Not provided Nigeria
2004 AY693639 Not provided Not provided Nigeria
2004 AY693640 Not provided Not provided Nigeria
2005 GU481059 Humans Serum Ebonyi State
2005 GU481057 Humans Serum Ebonyi State
2008 GU481069 Humans Serum Ebonyi State
2008 GU481071 Humans Serum Plateau State
2008 GU481073 Humans Serum Plateau State
2008 GU481065 Humans Serum Federal Capital Territory
2008 GU481062 Humans Serum Plateau State
2008 GU481067 Humans Serum Ebonyi State
2009 KM822108 Humans Not provided Nigeria
2009 KM822100 Humans Not provided Nigeria
2009 KM822104 Humans Not provided Nigeria
2009 KM822096 Humans Not provided Nigeria
2009 KM822106 Humans Not provided Nigeria
2009 KM822102 Humans Not provided Nigeria
2009 KM822098 Humans Not provided Nigeria
2009 KM822094 Humans Not provided Nigeria

Small 1969 KM822128 Not provided Not provided Nigeria
2004 DQO010030 Humans Serum Edo State
2004 DQO010031 Humans Not provided Nigeria
2005 GU481058 Humans Serum Ebonyi State
2007 GU481060 Humans Serum Plateau State
2007 GU481061 Humans Serum Plateau State
2008 JQ511991 Humans Serum Edo State
2008 JQ511992 Humans Serum Edo State
2008 GU481063 Humans Serum Federal Capital Territory
2008 GU481064 Humans Serum Federal Capital Territory
2008 GU481066 Humans Serum Ebonyi State
2009 KM822103 Humans Not provided Nigeria
2009 KM822099 Humans Not provided Nigeria
2009 KM822095 Humans Not provided Nigeria
2009 KM822105 Humans Not provided Nigeria
2009 KM822101 Humans Not provided Nigeria
2009 KM822109 Humans Not provided Nigeria
2009 KM822097 Humans Not provided Nigeria
2009 KM822107 Humans Not provided Nigeria
2011 JN651398 Humans Serum Edo State
2011 JN651400 Humans Serum Adamawa State
2011 JN651399 Humans Serum Ebonyi State
2013 KJ944260 Humans Serum Ebonyi State
2013 KJ944261 Humans Serum Nigeria

(Continues)
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TABLE 1 | (Continued)

Segments Year of isolation Accession number

Hosts Isolation source Location
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FIGURE 1 | Trends of Lassa fever outbreak in Nigeria.

spread of the virus. A study reveals a high magnitude of the
disease in Nigeria, particularly in the country's southern region,
with the high number of confirmed cases reported within the
6-year study period also raising concerns [25]. The increased
incidence of illnesses in the southern states may be caused by
the presence of high numbers of reservoir hosts [26], cultural
and environmental behaviors, such as food drying outdoors, or
the presence of few significant treatment facilities in the states
(where most of the nation's cases of LF are managed) [27]. A
suspected case is considered an alert threshold; one confirmed
case is an epidemic threshold. Therefore, LF is one of the seven
epidemic-prone diseases that must be reported in Nigeria under
the Integrated Disease Surveillance System [28].

Nigeria is comprised of 36 states organized into six geopolitical
zones. Many states in the six geopolitical zones and the federal
capital territory have experienced LF outbreaks (Figure 2) [29].
A study based on epidemiologic analysis of the temporal and
spatial trends of the LF outbreak in Nigeria from 1969 to 2020
reveals that the country has been plagued by recurrent LF
outbreaks, which have increased from irregular to regular
annual and from a small localized outbreak to a nationwide
outbreak [30]. In 2018, the nation faced its largest-ever LF
outbreak, which prompted the NCDC to activate the Emergency
Operations Centre to manage the outbreak response [3].

In 2024, epidemiological data from NCDC confirmed that the
predominant age group affected by LF is 31-40 years, and the
male-to-female ratio for 2024 confirmed cases is 1:1 (Figure 3).
However, a study by Ilori et al. [31] found that males were more
susceptible to LF than women, but the reason is still unclear [31].
However, this may be due to activities done by men, such as
hunting activities and the consumption of rodents. In addition,

2021

2022 2023 2024 2025

males migrate more frequently than females, and therefore, they
are more exposed to the virus. Rodents are the primary viral
reservoir host and frequent agricultural pests, and they are
believed to be the direct cause of a vast majority of recorded LF
cases. However, additional instances have emerged from
hospital-acquired illnesses and maybe from other small human-
to-human transmission clusters [32].

3.2 | Increase Occurrence of LF in Nigeria: What
We Need to Know?

It was forecasted that zoonotic infections would increase
because of an increase in temperature in sub-Saharan Africa,
making it a suitable factor for reservoir population growth [32].
In Nigeria, several factors may contribute to the rise and fre-
quent occurrence of LF cases and mortality. Some of these
factors come from infectious agents, reservoirs, the environ-
ment, and the socioeconomic condition of the country. Below,
we discuss some vital points contributing to Nigeria's increased
LF cases.

3.21 | Phylogenetic Analysis of LFV in Nigeria

The phylogenetic tree of the virus showed a great relationship
with several outbreaks of LF in Nigeria and other African
countries. However, more data must be available on the
molecular signature of the LFV in the states where outbreaks
occur in Nigeria. This calls for more robust molecular diag-
nostic tools in Nigeria for better diagnosis. In the two segments
of the LFV analyzed, the S segment is highly studied compared
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FIGURE 3 | Relationship between 2024 reported Lassa fever cases and age group and sex in Nigeria [3].

to segment L because of the high percentage of available circulating in Nigeria has a close evolutionary origin from
sequences deposited in the NCBI database. The phylogenetic Guinea. Our study corroborated with Ehichioya et al. study [33].
tree for the L segment (Figure 4 (1)) showed a closed clustering ~ Nigeria is a coastal country, and part of its borders are shared
of Nigeria LFV isolates with other isolates from Guinea  with Guinea, in which the transmission of LF might have oc-
and LFV Z 148 strain. This indicates that most of the LFV curred through maritime means between both countries. In the
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FIGURE 4 |

past few years, flood breakouts have been a significant public
health issue in Nigeria, and the flood might have exacerbated
the increase in LF cases. Water is one of the transmission
routes of the LFV. Efficient control of floods in Nigeria will
reduce the exposure of people and animals from Nigeria to LF
from other maritime bordering countries like Guinea. In the S
segment, only a few sequences from Nigeria clustered with
sequences from Sierra Leone and Mali. This finding was
related to the study from Leski et al. [34] that revealed the link
between Nigeria and Sierra Leone LFV lineages. The majority
of the sequences from Nigeria clustered together, showing the
close relatedness of each isolate to the states in Nigeria
(Figure 3 (2)). This showed the endemicity of this LF strain in
Nigeria and the cross-transmission of LF across the borders of
states in Nigeria.

3.2.2 | Increased Population

Nigeria is experiencing an increase in her population, which
increases competition for food, ultimately leading to food scarcity in

B Ja511991 Edo
I KM822103 Nigeria
I KM822099 Nigeria
B UN651398 Edo
B DQ010030 Edo

B KM822095 Nigeria

.02
———— [l DQ010031 Edo

“% M KM822105 Nigeria

0.04
B Ja511992 Edo
0.01
0.01 I KM822101 Nigeria
B KM822109 Nigeria

I KM822097 Nigeria

B KJ944260 Ebonyi

I KM822107 Nigeria

.05
——— [ JN651400 Adamawa

“2 W JIN651399 Ebonyi

0.01
0.05 o I KJ944261 Lagos
0.05
0.02 B KJ944259 Enugu

0.16

B Km822128 Nigeria

KM821909 Sierra Leone

KF478765 Mali

I X52400 Nigeria

B Gu4s1063 FCT

B GU481060 Plateau

[ Gu481058 Ebonyi

KM821908 Sierra Leone

on [ AY628208 Acar3080

0.00
AY628207 Pinneo

0.07
221 AY628206 Weller

2 0.12

“® M cu4stoss FCT

0.04
0.03 B Gu481061 Plateau

Phylogenetic tree of Lassa fever virus (1: Large segment; 2: Small segment) isolated from Nigeria and other African countries.

the community [35]. In rural areas, people hunt rodents to put food
on their tables, exposing them to zoonotic diseases such as LF.

3.2.3 | Conflict and Violence

In 2023, around 3.3 million people were living in internally
diplaced persons (IDPs) camps because of conflict and violence
happening in Nigeria. The IDPs are faced with many chal-
lenges, such as poor housing facilities, medical facilities, and
sanitation. The poor housing facilities and sanitation cause ro-
dents to cohabitate with people, contributing to the transmis-
sion of LF to humans. Because of poor medical care, cases of LF
are not detected early until it fully manifests and spreads among
people, causing alarming threats in the country.

3.24 | Urbanization

Deforestation and mining activities in Nigeria are causing ro-
dents to migrate from bushes to nearby human settlements. The
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rodents can access food storage facilities in households and
markets, where they contaminate food materials via their urine
and feces, exposing humans to LFV.

4 | Conclusion and Recommendations

LF is an emerging zoonotic disease affecting Nigeria's public
health and socioeconomic conditions. Therefore, multisectoral,
collaborative, and transdisciplinary efforts are needed to curb
the increasing rate of LF cases in the country. The integration of
robust surveillance systems in the lens of One Health should be
the priority of the NCDC in controlling the spread of LF in
Nigeria. Rodent control in the rural settlement is another sig-
nificant measure in preventing and controlling LF spread in
Nigeria. Improving the house structure in the rural community
should be considered; all cracks and holes should be closed in
houses to avoid rodent breeding; rodenticide is also essential in
controlling the rodent population in human settings. Proper use
of foodstuffs storage facilities will also help prevent rodent
contamination. Other public health measures include control-
ling floods, training healthcare workers on how to manage LF
cases, and sanitation. Training on the proper use of personal
protective equipment among healthcare providers should be a
routine procedure in hospitals. Vaccine research should be
supported in Africa, and research centers should come together
to develop a vaccine for candidate LF. To our knowledge, sci-
entists in the Centre for Advance Medical Research and
Training, Usmanu Danfodiyo University Sokoto, Nigeria, are
doing great work to develop a Lassa fever vaccine. Individuals
in rural areas should be educated on the mode of Lassa fever
transmission, dangers associated with rodent handling, and
ways to prevent Lassa fever.
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